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FIGURE 1 
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FIGURE 2 
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55.0189 

A METHOD AND APPARATUS FOR COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS OR THE UKE 

The iovodoo relates to the field of petroleum service tod supply industries, end note 
ptrtkuluty to comply 

Write (kffling is taking ^ 

that needs to be adjusted so that the hydraulic pressure of the mud column opposes the leaks 
from the formations whUe simultaneously avoiding damaging the underground fbrrnations by 
frmcturing them. Wbcti the drilled depth exceeds a certain value, the pressure difference due to 
the tffleteace m depth is such that U b oo longer possible to formulate a mud capable of 
p erfoimJng its fonction over the entire length of the well, so to prevent coUapse of the waH h 
is necessary to fine the hole with metal casing. For this purpose, a certain number of casing 
tubes are placed end to end and lowered down the v^awi are foced to tte 
cementing. Thereato.d 

Eachiiewly-drilWta 

pass through the casing th* is a^ 

fUircase structure with a hole that is Urge at the top of the wefl and touch narrower at the 
bottom of the well Such a configuration b tar from on^^ 

that drilling time must be wasted in a non-productive zone, whereas a narrow hole in the 
use&t rones does not favor production by good draining of the fomutfiori 

Worse sail, it often happens that the hole panes through unexpected critical zones even before 
boring has reached a critical depth. Such critical zones may, for example, be veins of very 
friable rock or "pockets" of gas which, even though they are usually very localized, constitute 
major sources of danger both for the well and for the work force on the surftce. Under such 
orcuirtftanccs, the only solution is often to cement these zones by putting casing into place 
immediately, thereby further reducing the size of the hole, which can lead to a wefl being 
abandoned if further difficult zones are encountered as drilling continues. 



09/18/2000 18:23;13 page -7 



It will also be understood Out d rs very difficult to repair damaged casing by iostaffirtg new 
without firfier significantly reducing the size of the hole and thus running the riik of 
preventing penetration of certain tools or Hons of equipment that may be needed in the 
production zones, for example. 

Over the Ust few years, the industry has developed new technique* of complete* wells or of 
completing tbemte^ 
downhote diameter of the wdL 



Proposals have thus been made to use a composite material c ompri si n g an expandable doth 
made of glass fibers mipregnated with umi>olymeriztd epoxy resin and having & rubber 
membrane covering its outside face which is directed towards the wall of the hole. By using in 
appropriate laying tool, the membrane ii appfied against the wall of the hole or a damaged 
portion of casing, and the resin is caused to polymeria by b^ 

that technique is that it requires electrical power of the order of 1000 watts per linear meter, 
thus limiting ks appBcation to treatmg zones that are reM 
of synthetic material camwt coiutitute ^ 

be capable, in follicular, of withsttwkng treatments based on strong acids or other rnateriali 
that are particularly corrosive. 

US Patent 5 34S 095 proposes making casu^ out of a conoimous tute 

capable of withstanding large amounts of plastic detonation. The tube is enlarged by a 

conical tool, and it can optionally be cemented. However, expansion of the tube is 

accompanied by a reduction in the total lengm of the tube, a^ 

problems at the ^ 

US Patent 5 3*6 012 proposes a perforated finer r^ovided with overlapping kngftudinal slots. 
A mandrel having a large diameter that is greater than the inside diameter of the perforated 
Boer is used to expand the will of the liner and the orifices become larger. FSbewemforced 
cen^ can then be cast m ° f 
the liner is rjored agam, 

reuifbrcement Trie need for further boring after cementing constitutes a major drawback of 
that technique. In addition, in the above-inentioned case, the pressures required for expanding 
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the tube are quite high and the final length of the finer is reduced, finally, the slots must be 
pierced m compliance with very precise specifications, which leads to a manufltt*uring cost 
that is high. 

An object of the present mvesmwUanovd typeof on^^ 
the above-mentioned drawbacks of the ait 

Aixordii* to the iaveotw 

iinderground formilion, the Iber being constituted by a spiral-wound strip of spiral cross- 
section, fcs longitudinal edges having complementary touching profiles such that after 
expansion the liner la circular in section. 

To complete a weD, the spiral tube is lowered to the bottom of the hole and its walls are 
spread by means of * placement tool, eg. a conical tool, so as to place the longitudinal edge in 
a touching position where they form a cylinder. A dosed continuous liner is thus obtained 
which can be cemented in conventional manner without the cement invading the inside of the 
liner, and thus without there being any need to bore inside the casing. It should be observed 
that the spiral-wound casing of the urventkm is particularly adapted to c gm c n ti n g wells that arc 
horaootal or nukMateral. given its small diameter in its contracted state which lends itself 
wet to being installed m narrow weOs or m wells of trajectory that impedes the lowering of 
traditional casing segments. 

The liner of the invention is also well adapted to provisionally completing problem xooea. In 

any event the hole may optkmatty be enlarged in the difficult zone and a spiral finer whose 

diameter tfier expansion u ckwe to the 

pirtmto place «*cemei^ 

the zone that has already been cc^ 

The spiral casb« of the b 

since the outside dismeter of the spiral casing after expansion can be selected to be equal to or 
very sfighuy less the msidedian^ 

The spiral-wound strip preferably has chamfered longitudinal edges that define contact 
surfaces whose general direction lies m S plane which forms a non-zero angle relative to the 
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longitudinal axw of Uu»u^^ 

to provide niechanical engagement at i predetemum* diameter. 

In a more partiailiriy preferred vniint of the invention, the Enex ii obuined by roffing up a 
ttrip about en axis that is at a certain eagle relative io the axb ofsyn«M»iy©fthestn> Under 
wd» cnxumauwea. when the Bner b in the coitt^ 
tefix around tlie cylfaida. If tne period of tne hetia^ 
figure is obuined whose length n not abend by expansion. 

The finer oftneiiivemloncax be worn* 

coiled tubing. In order to complete sections that arc of great length, it » possible to weld 
together a plurality of sheets, either during r!«iuiftcture of Ae finer. wWd> b pre&rabte whw 
using the coiled tubing technique, or else dutctfy oo she. 

The finer of the invention can be made of metal, e^. steel or any other material liaviiig the 
desired degrees of elasticity aiid plasticity. U 

is selected, and providing it has not been cemented, then the finer of the invention can 
optionaly be removed, thus making teniporarypIaiOTeottposrible. 

Otba, details and advantageous ehuaeterima of the invemion appw 
description given with reference to the figures. In which: 

. Figure l u a diagramed view of efir* 

after expansion, shown in perspective (Figures Is and lb) and in end view (Figures Is' and 
W); 

• Figure 2 shows an expansion tool; 

- Figure 3 shows an example of mechanical engageinert ustag toothed edges (Figures 3a to 
3d) and shows various profiles for such toothed edges; 

• Figure 4 is * perspective view of a finer in the contrarted state and having longitudinil edges 
with toothed sections; 
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- Figure 5 ihows a liner of the invention having longitudinal edges constituting t double helix, 
teca in perspective in the contacted 8tHe (Figure St), titer expansion (Figure 5b), tnd in 
longitudinal section (Figure 5c); 

• Figure 6 shows tn example of temporary coropletioo using t liner of the invention; 

• Figure 7 shows t typical sequence for coapletkm of a production zone; tnd 

• Figure 8 shows a variant of a Oner of the invention that b perforated and fitted with a sand 

The concept of the invention is shown in Figure 1. A strip, eg. a metal strip, is spiral-wound 
(Figures la and la*) with overlap over an angle A. After expansion, the finer b circular in 
section and its longitudinal edges come into contact to constitute a dosed peripheral surftce. 

If the winding follows an Archimedes' spiral, then writing £ for the thickness of the strip and 
Dc for the pseudo-diameter of the spiral-wound strip in the contracted state, the value De of 
the diameter after expansion is given by the following equation: 



where A, the overlap angle, b expressed in radians, and where the lengths De, Dc, and £ are 
expressed in the same units. 

With an overlap of 90* as shown in Figure la, a brier having an outside diameter De of 17 8 
cm (7*) and a thickness £ of 9.3 ran (3/8 of an inch) is contracted to a <fiameter Dc of 14.9 cm 
(5.86*). For an overlap of 180", the expansion is close to 50%. 

By way of example, the tool for expanding the liner of the invention can be constituted by a 
double cone auembry as shown riagrarnmaticalry in Figure 2, having a first end 10 suitable for 
being fixed to the end of a coiled tube or of a strirg cf rc^ and a secc^ eirf 11 of diameter 
similar to that of the spiral-wound liner in the contr ac te d state, thereby enabing the spiral- 
wound liner to be pushed to the zone whkh is to be completed. The expansion tool abo 
includes an enlarged zone 12 of outside diameter close to the inside diameter of the liner after 
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hhu bee* expended The ed»l*d zone 12 a 

put by remote control means wch u hydraulic pressure, medwictlmc^ ortconAhution 
of such means as is conventional for plecement tools as used in weUs. 



(•re 



In the variant of the invention shown in Figure3, tl» coaiplemeiBMy loi«iMinil edget < 
given teeth to u to form e mechanical lock As an be seenntorepartieuhvlymRgureaSeto 
3d, a toothed edge, to thb case » edge hsnmg three teeth, emtpre^ emotive engagement. 

b may also be observed that the kmginufinal edges have a txmtaot enm fking m a genoal 
direction IT at a non-aero angle relative to the normal to the longitudinal axis of the foer. An 
ugk of about 4S» and niore generally lying in the W 3^tocVisg«er»nyprrfe*red. 

0,^ want toothed profiles are shown m Figure 3e. Ihe nun** of teeth can be increased, 
or on the eontmy, decreased, and it is possible to ^ profiles that are nearer to bdng 
aquareeo as to achieve engagement that is closer to being ofthe tenon and mortise type. In sfl 

— > 

of the examples shown in Figure 3, the toothed edges follow a general direction V at a 
c«tain angle relative to the normal to the tongitudiiul axis of the liner. Tto pr^ 
pMftrftty such as to fUmmhe redW ftfctkm foree. tend to o^re slk&» of the tw 
complementary portions. As shown m Figure 3e, the dune forces Pa and Fb that result from 
expanding the spref-wowd finer create ndi« fi^ ffe^ Fc and Fd wlik* tend to move 
the edges apart. This separation force can be minimized or even eliminated by optimizing the 
shape ofthe teeth. 

The forces Fa and Fb which assist in locking the liner ere directly proportional to the overlap 
Wgle Aof tbeBner intheeootiacted position. Nevertheless, too much overfap abo tends to 
> the radial forces so that s balance must be found between the desifed «>e«M*«. of 
a end mechanical locking. 
Tim finer U expanded mto the stape of a cone of dh^^ 

geometry of the spiial-wound ^ on Ha ehuticity, ami to a smdler extent on the spex 
mgk of the come- expansion tool. To It* fiktion forees, n nmy be advantageous to se^ 
MCX pvmon tool constituted 
expansion cone ofthe spiial-wound finer. 
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As shown more particularly in Figure 4, the axis of the engagement teeth forms an angle B 
with the axis of the spiral-wound tube Thii angle B has an optimum value lying between the 
"natural" expansion cone angle of the liner and zero, however zero is also acceptable. 

Figure 5 ahowa the most partkxuarty preferred variant of the invention m which the finer is 
obtained by rolling up a strip about an axis that is at a certain angle relath/e to the axis of 
symmetry of the atrip. In the contracted position (Figure 5a), the edges form a double hefix 
around the Ener. After expansion (Figure 5bX the two he&xes coincide and the junction line 
winds helically around the finer. 

A particularly advantageous aspect of this geometry fies in it being possible for expansion to 
be performed without changing the X length of the liner. If, at shown In Figure 5c, the 
"ammeters' of the finer arc written Dc end De (where index £ corresponds to the liner being in 
the contracted state and index t to the Sner in the expanded state), and if the periods of the 
heScal curves followed by the kmgrfudmal edges are written He and He (where the period of a 
hefix Li defined aa being the distance measured along the kmghudinal axis of the liner between 
two cocTespondsngjrinUt^ 
(oxDerftbecaseinaybc)), a*l 

a Iber whose total length UX, it can be shown that the length L is equal to: 



and that conseque n t ly , if the tape U rolled up m such a maimer th^ 

X does not vary. 

Wthtttsdouhtehenx 

finer is of thickness W, then the diameter ato expanse 




A 



A 
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m t plane perpendicular to the axis of the finer duriiu^expansinostage. Iftbeeodsofthe 
double hefix liner are cut perpendteuJariy to the longitudinal axia, then after expansion these 
enda wffldefii* perfect circta in planets are tba^^ 

axis of the finer. Tha disposition is particularly frvorxbl* for ensuring selling of the 
completion at the ends of the finer. 

Figure* 6 wd 7 are highly diagrammatic and ehow two examples of completion wing a spiral- 
wound finer of the invention, it being understood that these exempt" are not fixating in any 
way. 

In the example shown in Figures, the spiral-wound tube is used for completing t zone in 
temporary manner. In • weO a deep water, the problem inay be due to too smafi » diffiawce 
between the figuring gradjem and the F 

problems associated, for example, with the presence of formations that ere highly unstable 
(dayey rock, sands, salts, etc.) in depletion zones, or other probksns that are well known to 
the person sk2Wm the art The founds 

proportion to their length since anticipated completion thereof remiree caaing to be installed 
on an extra occasion, thereby reducing the diameter of me hole. 

The wen has be» drilled and easing has been ii^ 
cortimxed beneath the easily 

a not cased, prior to reaching a zone 4 of length Lz which needs to be treated immediately 
(Figure 6a). The decision is taken to proceed with temporary completion using a liner of the 
invention. A spiral-wound finer 5 b pushed towards the bottom of the wefl by means of a 
double conical expamion tool 6 fixed at the end of a tube 7. TIk expansion tube b cauaed to 
move on (Figure 6b) so as to sptcad apart the waDs of the finer untfl they seaA a predefined 
diameter <F.gure 6c). Once the finer is in place (figure 6d) the expansion tool is returned to 
the surfoce and the Hner is cemerted using finer cementing techniques (Figure 6e). In the case 
ahown here, the finer is provided with openings 8 to allow cen^ to pass Ircmt tte Inside of 
th* finer towards the ainulus 9 which a m be « 
shoe could be used. 
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After expanses, the inside diameter of the liner is prtctioily identical to the diameter of the 
hole in zones where there are no drilling problems (where necessary, the hole can be enlarged 
in the zone that requires treatment by mean of a reamer). Driling can then be started again 
wWwut any need to driB through a c 

accordance with the original drilling plan, and without any reduction in the diameter of the 
weH 

U b dear that addhiotttU tooU 
ofthelaventioa Also, the fin^ 

easily deformed and that n easy to drill (e^. akxninumX thereby guaranteeing that the spiral- 
wound liner is property expanded over its entire length. 

A typical sanience of using a fptrt^wound hner of the mvention for completing a section of a 
reservoir is shown in Figure 7. Such an operation may be envisaged, for example, with 
formations that are unstable or sandy. 

Hie spiral-wound liner of the mvention is brought in the contracted state to a two-cased 
section of the reservoir (Figure 7a) and it is then expanded by means of an expansion tool 
(Figures 7b and 7c). Like any other production Hner, the Ener of the mvention is, in this case, 
pierced to allow productioo fluids to pass therethrough, and as shown in figure*, it is 
preferably covered in a grid which may be freed thereto, e g. by being wdded to the strip prior 
to spiral wndmg. The grid U preferably on the outside face of the liner, feeing towards the 
wall. 

It should be observed that the surfece area of the roDed-up strip remains unaltered during 
expansion so weUa are not weakened by the spiral-wound Ener of the invention being put into 
place and expanded. For the same reason, the size and distribution of the openings provided 
for allowing the production fluids to pass can be selected in a manner that b entirely 
independent of the diameters in the contracted state and in the ex p a n ded state. This makes h 
possible, in particular, to obtain a liner that is very strong in association with greater stabuuy 
and longer fife of the well. 
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For»horizo«il\vtfl,a«p^wouadfiD^ 
can be placed veiy dose to the formation, even in the upper portion of the finer, and that is 
oft«a not the cue with a conventional finer that UmcapsMe of bring contacted. 

So long as it his not been cemented, a .pail-wound Dner e»n be withdrawn by means of a 
.pedal tool which eepamtea the to ng MinaIed t e»aou to allow Ae finer to 10U up agafa and 
«„a„ to a state wnuar to that of ha initial oo-r^ atata If -^withdrawal U expected 
only after -vera! months or yenre. care *^ be takm to «» . m^ Ih* it capable of 
reofaung its daatie properfie* over auch a long period of time. 

The geometry of the ipimUwound finer tf the inventm b emhtly 
production at low eoit. For example, it is possible to urn metal stn* (whem necessary ^ 
A* « welded together) that are pierced in. predefined p^ e.g by puncta nmunted on 
tuBer. or by a hydnufic pres. having a punch. The tongitudinri edg« am pnrfw^ rectified 
continuously so as to give them n toothed profile, and grids nay rimttsity be welded at least 
.long one of the longitudinal edges before winding into . apiral My. the strip may be 
.pim-wound directly and then coiled, either connnuously or elm after being cut up iito eo«l 



In general, k is preferable to pay out a finer of the faventkm fit>« » «d since ftat u cheaper 



once the section to be completed i. long, and more m&eUe since «»ecrio» am o-hted. 
Nevertheless, it is equally posstbl. to use finer, of fi«d ta^ and to perform cmnpletkm » a 



09/18/2000 18:23:13 page -16- 



-11- 
CLAIMS 

1/ A finer for completing a hole in an underground formation, the finer being constituted by t 
spiral-wound strip, its longitudinal edges having complementary touching profiles such that 
after expansion the finer is circular in aectUm. 

V A finer according to claim I, characterised in that the longitudinal edges define a contact 

surface of general direction IT lying m a plane that forms a non-zero angle relative to the 
longitudinal oris of the liner. 

V A liner according to claim 2, characterised in that said uujk formed by the general direction 
~D of the contact surfrce lies in the range 30° to 60* 

At A finer according to any preceding claim, characterized b that the touching longitudinal 
edges have a sawtooth profile. 

5/ A liner according to any preceding claim, characterized in that the finer is obtained by 
rolling up a strip about an axis that is at a certain angle relative to the axis of symmetry of the 
strip. 

6/ A finer acccxxling to air/ precede 

7/ A finer according to diim 6, characterized in that it is covered in a grid. 
8/ A liner according to claim 7, characterized in that the grid is welded on. 

9/ A method of completing a hole in an underground formation in which a spiral-wound strip 
is lowered down the hole, and the strip ii opened unti a circular tectum is obtained by meant 
of a cortical pbcemeot tool for putting the kwgmxiirtal edges into t touching position. 

10/ A method according to claim 4. characterized in that it also includes a cementing 
operation. 

11/ The use of the method according to claims 9 or 10, for temporary completion of zones 
that are depleted or unconsolidated. 
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12/ The use of the method according to daim 9 or 10, for repairing a cuing. 

13/ The use of the method of diira 9 for cotnpkting a production zone 

14/ A system for completing t hole in in underground tarnation, ch i ri c teriTwi m that ct 
include* a finer according to any one of claims 1 to I and an expansion tool suitable fix 
splaying apart the tongkodmil edges until they take up a position where they touch each other 
edge-to-edge 

15/ A tool for withdrawing a finer acconfing to any one of claims 1 to S, the tool comprising 
means for moving the longitudinal edges apart by a dumcter greater than the diameter 
comprising to a circular section and enabling the finer to shrink so as to return to a spiral- 
wound configuration of a dameter tl* U snuD enough to c 
thewelL 
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